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Dry solid staging fermentation
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Abstract: Very high gravity (VHG) ethanolic fermentation is a new perspective technology for the fuel ethanol production.
Compared with traditional hot cook process in most ethanol plants, uncooked process using milled grain slurry in combination with
granular starch hydrolyzing enzymes makes high gravity fermentation much easier to control. In this study, dry solids staging
technique was first time reported in uncooked process for fermentation ethanol. We further studied the difference between the new
process and the batch fermentation, including different initial fermentation concentrations and different starting times. The results
showed that at the same dry solid concentration of 30% and the same enzyme dose at 0.22% (W/W), the final ethanol output of new
process was increased to 18.50% ( V/V) from 17.06% (V/V) of the conventional process. This study demonstrated the new application

of uncooked fermentation technology.
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Table 1 Reaction products from conventional uncooked

process fermentation of dry ground corn (30% DS) at 30°C,
pH 45

Fermentation DP>3 DP3 DP2 DP1 Ethanol
time (h) (g/dL)  (g/dL) (g/dL) (g/dL) (mL/dL)
24 0.46 0.00 0.03 0.08 10.73
47 0.30 0.00 0.05 0.04 15.13
72 0.34 0.04 0.07 0.00 16.34

M 1 A%, SRAESG RN K T 4T
72 h G50 R BT, R IR P IR ZOPORS U Ol 16.34%,
ZNRERHEY TAREA B v NS ER 4 8 R b o Ty i
W, 2% T AMERRTEN & &N 12.71%.
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1722 h JFERSE — I AMRE, DU R/ 1k, &5t

16 h Ao (R FERBEHEAT 22 h JRIFIR AR,
38 h R RNEL), 72 h R, REFIFI TR AR
TER RN E (R 2).

F2 EREFIRZEEFRTIZREEBR HPLC R

Table 2 Reaction products from solid staging process

fermentation with loading of dry ground corn
Fermentation DP>3 DP3 DP2 DP1 Ethanol
time (h) (g/dL)  (g/dL) (g/dL) (g/dL) (mL/dL)
6 0.26 0.03 0.05 0.36 2.69
21 0.20 0.03 0.02 0.05 7.94
25 0.22 0.04 0.02 0.03 9.18
30 0.36 0.04 0.02 0.04 10.40
38 0.53 0.09 0.19 0.13 11.98
46 0.44 0.05 0.02 0.15 14.17
72 0.28 0.05 0.04 0.00 17.16
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Fig. 4 Conventional uncooking process vs. different initial DS dry

solid staging process. m: conventional uncooking process; ®: initial

7% dry solid staging process; x: initial 10% dry solid staging

process; A: initial 15% dry solid staging process.
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Table 3 Conventional no-cooking process vs. dry solid
staging process

Process 72 h ethanol 1:;:;3;1131

(mL/dL) content (%)

Conventional no-cooking process 17.06 12.17

Initial 7% DS dry solid staging 17.57 12.47

process

Initial 10% DS dry solid staging 18.11 10.06

process

Initial 15% DS dry solid staging 18.50 370

process
2.4 F[EERIAFNRLET (] X A A} i) 8RN R 2 B A =
ML Z W=

Br T L], At B — 90 G JsRk AR 45
¥15 2.1 fEGARCEEA " T2 RiR K EE
TR 15%((RIME G AR T2 —2F), BUkt
I B30 g A e 40 H i (RPASORE B /N T 0.420 mm)
M4 BE F KRy, A 1.0 L K, ZEHBRwR e H &
30°C, HH26% HIGRERM 1T pH 2 4.7, IWAJHURL
TER K i STARGEN™ 1.0 GSHU/g, %t J5Rl K
YF 0.22%, HARRYFE I F AR A 2.2 kg, BEREF
PREGINE 510 0.8%F1 0.1% JFih K& . Hib—
HAEREDAT 10 h FFLRES 1 kabRE, B/hikbm 1
W, gk 15 hAbnsese, 5 —HAEKWEH#HTT 15 h H
GES 1 URNEL, BR/NEERNIT 1R, Zad 10 h (M SE
Be, PRI 72 h BSAOREE, CREEIF TR AR TER
FIINE . 5 RINER 4. 5 PR,

Initial fermentation time 10 h and feeding for 15 h during the loading step

Fermentation time (h) DP>3 (g/dL) DP3 (g/dL) DP2 (g/dL) DP1 (g/dL)  Ethanol (mL/dL)  Residual starch content (%)
15 0.15 0.01 0.02 0.07 7.76
24 0.25 0.01 0.02 0.13 10.75
40 0.30 0.00 0.05 1.22 14.51 12.47
48 0.27 0.00 0.05 1.08 15.48
64 0.23 0.01 0.09 0.47 17.42
72 0.28 0.00 0.06 0.22 17.78
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Table 5 Initial fermentation time 15 h and feeding for 10 h during the loading step

Fermentation time (h) ~ DP>3 (¢/dL)  DP3 (¢/dL) DP2 (g/dL)  DPI (g/dL) (TSZE]) Residual starch content (%)
s 0.13 0.00 0.03 0.17 7.68
25 0.26 0.02 0.04 0.49 10.97
40 0.28 0.00 0.04 1.25 14.19
8.70
48 0.31 0.00 0.06 1.04 16.01
64 0.25 0.00 0.07 0.35 17.17
72 0.32 0.03 0.11 0.47 18.50
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